Introduction
The development of technologies that enable rapid and complete genetic testing is leading to large numbers of articles and datasets with so much information that it is difficult to get a comprehensible meaning out of it. Soon we will have rather complete information on the DNA alterations of tumors, and I am confident that in the future, novel bioinformatics will enable us to use that for an individual patient, but I also believe that genetic changes do not tell the whole story. In fact, we know already that the tumor microenvironment and posttranslational alterations are very important in cancer development. This review contains several articles that deal with exactly those aspects, and they show not only their importance but also that we really need still much more information and tools to deal with them. Nevertheless, this review also contains very practical information that can be used already now, to the benefit of the patient of today.
Biology of lymphoma

Hodgkin lymphoma
Two articles give evidence for the (regulation of the) NF-kB pathway as a potential target for therapy in Hodgkin lymphoma (HL). In the tumor cells of HL, NF-kB, JAK/STAT and IRF4 activation enables cell survival. Although activation of these pathways normally results in PRDM1 expression followed by plasma cell differentiation, HL cells never acquire a plasma cell morphology. Vogel et al. [1] show in cell lines of HL that this is the result of the downregulation of FOXO1, a known tumor suppressor in HL and an intermediate factor in the forementioned process.
It is now possible to identify areas in the chromatin that are accessible, meaning that genes in those areas are potentially active. Kreher et al. [2] looked for such areas in HL and found that areas with genes that regulate interferons are especially accessible. Subsequently, they showed that interferon regulation factor 5 (IRF5) is crucial for tumor cell survival through NF-kB activation.
HL cells need more than the three above-mentioned pathways, and the inflammatory infiltrate, so typical of HL, provides further support to HL neoplastic cells. According to Fhu et al. [3] , the HL cells organize this at least partially themselves, by producing lymphotoxin-α, which activates endothelial cells. The endothelial cells will then express adhesion molecules, which attract CD4-positive naive T cells. The COX1 pathway is the main regulator of this mechanism.
Immunohistochemistry enables us to describe protein expression in cells, but Watanabe et al. [4] give a warning: protein expression does not always mean that a protein is really active. They had found not only high BOB.1 protein expression in HL but also hypermethylation of its promoter. They reason that the expression of BOB.1 is not functional, since its function is the inducing of a B cell phenotype, which is partially lacking in HL. They hypothesize that the expression is transient and has little functional significance. I believe however that other mechanisms may diminish the effect of BOB.1 as well. The conclusion that protein expression not always indicates that a protein is effective is however well taken, and actually many examples already exist.
B cell lymphomas
Chromosomal translocations involving the immunoglobulin genes (Ig) are a hallmark of several lymphoma types. It is assumed that most of these arise during the physiological recombination process in maturating B cells, but it is known that also in mature B cell lymphomas, new translocations may occur. Hu et al. [5] performed a detailed analysis of induced chromosomal changes, mainly double-strand breaks, in telangiectasia-mutated mice and discovered that in mature B cells, Ig translocations to MYC can occur in these mice, but not in wild-type mice, even in the absence of activationinduced deaminase (AID), the enzyme thought to be responsible for the physiological rearrangement process.
Development of a new lymphoma manifestation in a patient with lymphoma is generally considered to be a recurrence or a transformation. Wei et al. [6] analyzed four sets of lymphomas with discordant light or heavy chain expression with the hypothesis that these might actually be two different lymphomas in one patient. In two of the cases, they could show that the two different lymphomas indeed had a different sequence of the rearranged gene segment. This is an important topic, since the clinical situation of a recurrence rather than a new lymphoma is likely to be quite different. It remains to be shown, however, that an early precursor neoplastic B cell might actually give rise to lymphoma manifestations that are distinct even at the rearrangement level.
Muppidi et al. [7] wondered why germinal centre-derived diffuse large B cell lymphoma (GCB-DLBL) cells spread throughout the body, while normally cells with a geminal centre phenotype remain in the environment of the follicular dendritic network. Using in vivo and in vitro experiments in mice, they found that sphingosine-1-phosphate receptor-2 (S1PR2), a Gα12 and Gα13-coupled receptor, promotes growth regulation and local confinement of germinal centre B cells. Deep sequencing studies of GCB-DLBL have revealed mutations in GNA13 (encoding Gα13) and S1PR2, and these mutations disrupt the migration inhibitory functions. Deficiency in Gα13, but not S1PR2, led to germinal centre B cell dissemination into lymph and blood, thus explaining the clinical manifestation of dissemination in GCB-DLBL.
Mammalian target of rapamycin (mTOR) inhibitors are of limited effect in mantle cell lymphoma (MCL), although it remains unclear why, since phosphatidylinositol-3-kinase (PI3K)/Akt/mTOR pathway activation contributes to MCL development. Rosich et al. [8] have performed a comparative analysis of the mTOR inhibitor everolimus, the pan-PI3K inhibitor NVP-BKM120 and the dual PI3K/mTOR inhibitor NVP-BEZ235 in primary MCL cells. NVP-BEZ235 was more powerful than everolimus or NVP-BKM120 in PI3K/Akt/mTOR signaling inhibition, indicating that targeting the PI3K/Akt/mTOR pathway at multiple levels is likely to be a more effective strategy for the treatment of MCL.
NVP-BEZ235 inhibited angiogenesis, migration and tumor invasiveness in MCL cells. These findings support the use of the dual PI3K/mTOR inhibitor NVP-BEZ235 as a promising approach to interfere with the microenvironment-related processes in MCL.
Sox11 is a marker for MCL and several studies indicate that Sox11-negative MCL is an indolent disease (although there is no consensus). SOX11 silencing reduces tumor growth in a MCL xenograft model and Palomero et al. [9] showed that SOX11-positive xenografts and human primary MCL tumors overexpress angiogenic gene signatures accompanied with a higher microvascular density compared with their SOX11-negative samples. Platelet-derived growth factor A (PDGFA) was overexpressed in SOX11-positive but not in SOX11-negative MCL. Imatinib, a known inhibitor of angiogenesis, impaired tumor angiogenesis and lymphoma growth in SOX11-positive MCL xenograft tumors. These findings indicate that the SOX11-PDGFA axis is a potential therapeutic target for the treatment of this aggressive disease.
Several microRNAs (miRs) are related to lymphomagenesis. Munch-Petersen et al. [10] investigated with fluorescencebased in situ hybridization (FISH) the expression of miR-21 and miR-155 in 56 cases of DLBL. MiR-155 was observed in the lymphoma cells in 19/56 (33.9 %) of the samples and miR-21 was localized to the stromal compartment in 41/56 (73.2 %); a subset of these, 16/56 (28.6 %), showed labelling in lymphoma cells as well. There was no association of miR-155 and miR-21 with overall survival or GCB or non-GCBlike subtypes of DLBL. The mechanism behind these findings remains unknown. Yim et al. [11] profiled the miRs in MCL before and after methylation treatment. MiR-155 showed complete methylation in one MCL cell line and 5-aza-2′-deoxycytidine treatment of REC-1 led to demethylation and re-expression of miR-155-3p resulting in increased sub-G1 apoptotic cells and reduced cellular viability. In 31 primary MCL, miR-155-3p was found hypermethylated in 6 (19 %) cases. MiR-155-3p methylation was also hypermethylated in 66 (34.6 %) B cell, 24 (53 %) T cell and 6 (46 %) NK-cell lymphoma. Therefore, miR-155-3p can be considered to be a potential tumor-suppressive microRNA hypermethylated in MCL and other NHL subtypes.
Bethge et al. [12] addressed the epigenetic changes in DLBL. They describe candidate genes which were upregulated after an epigenetic treatment of B cell lymphoma cell lines (Burkitt's lymphoma (BL); follicular lymphoma (FL); DLBL both GCB and non-GCB) but that were expressed at low levels in samples from lymphoma patients. The genes LRP12 and CDH1 showed the highest methylation frequencies (94 and 92 %, respectively). BMPER (58 %), DUSP4 (32 %) and BMP7 (22 %) were also frequently methylated in patient samples. All these gene promoters were unmethylated in various non-malignant lymphoid control samples. LRP12 and CDH1 represent therefore promising epigenetic markers, which may be suitable for monitoring of B cell lymphoma.
T cell lymphoma
Eosinophilic granulocytes can be found in various amounts in T cell lymphomas, but their role remains elusive. Fredholm et al. [13] found that in mycosis fungoides (MF; n=43), the presence of eosinophilic granulocytes correlated with advanced disease stage: 78 % of patients with advanced disease displayed eosinophil infiltration, whereas this was seen in only 11 % of patients with patches and in 48 % of those with plaque disease. Importantly, 72 % of patients with positive staining for phospho-signal transducer and activator of transcription (pY-STAT3) in malignant T cells also stained positively for eosinophils, whereas this was only observed in 28 % of pY-STAT3-negative patients. Notably, malignant T cells expressed eosinophilic activation and trafficking factors: high-mobility group BOX-1 protein (HMGB1) and interleukin 5 (IL5). These data suggest that malignant T cells orchestrate accumulation and activation of eosinophils supporting the notion of STAT3 being a putative target for therapy.
Epidemiology of lymphoma
Identifying the cause of disease is very instrumental in better understanding and finally better treatment. In cancer this remains however very difficult. Morton et al. [14] pooled data from 17,471 NHL cases and 23,096 controls in 20 casecontrol studies. Importantly, they linked the data not to lymphoma development in general but to the specific subtypes, which we regard as seratate disease indeed. Risks differed significantly among NHL subtypes for medical history (autoimmune diseases, hepatitis C virus seropositivity, eczema and blood transfusion), family history of leukaemia and multiple myeloma, alcohol consumption, cigarette smoking and certain occupations, whereas generally homogeneous risks among subtypes were observed for family history of NHL, recreational sun exposure, hay fever, allergy and socioeconomic status. Overall, the greatest difference in risk factors occurred between T cell and B cell lymphomas with increased risks generally restricted to T cell lymphomas for eczema, T cellactivating autoimmune diseases, family history of multiple myeloma and occupation as a painter. Increased risks for B cell-activating autoimmune disease and hepatitis C virus seropositivity and decreased risks for alcohol consumption and occupation as a teacher generally were restricted to marginal zone lymphoma, Burkitt/Burkitt-like lymphoma/leukaemia, DLBL and/or lymphoplasmacytic lymphoma. Mechanistic studies and large-scale genetic analyses might result in further clues. As the associations with familial disease indicate, germ line alterations can be relevant. Skibola et al. [15] found for instance five non-HLA loci related to susceptibility for FL (4523 case and 13,344 controls): 11q23.3 near CXCR5, 11q24.3 near ETS1, 3q28 in LPP, 18q21.33 near BCL2 and 8q24.21 near PVT1. These findings further expand the number of loci associated with FL. Cerhan et al. [16] identified genetic susceptibility loci for DLBCL using data from 3857 cases to 7666 controls at 6p25.3, at 6p21.33, at 2p23.3 and two independent SNPs, at 8q24. 21 . They conclude that their data provide substantial new evidence for genetic susceptibility to DLBL. These latter studies need large international collaborations, as exemplified by the large group of authors; also very important, such a large amount of data, often referred to as "Big Data", need novel bioinformatics tools and clever (systems) biological approaches to come to a better understanding how a lymphoma develops.
A more practical approach using similar techniques is the discovery of not only risk factors but also treatment response indicators, as was taken by Liao et al. [17] . A total of 68 patients and 140 unrelated controls (note the numbers compared to the previous studies!) were genotyped for 84 singlenucleotide polymorphisms in genes encoding cytokines, chemokines and related receptors that play important roles in T cell-mediated gastrointestinal immunity. This focussed approach resulted in five genotypes in interleukin-22 (IL-22), namely CC at rs1179246, CC at rs2227485, AA at rs4913428, AA at rs1026788 and TT at rs7314777, that were associated with susceptibility for gastric extranodal marginal zone B cell lymphoma (ENMZL). In vitro experiments demonstrated that co-culturing peripheral mononuclear cells or CD4(+) T cells with Helicobacter pylori stimulated the secretion of IL-22 and that IL-22 induced the expression of antimicrobial proteins in gastric epithelial cells. Furthermore, patients with gastric tissue expressing IL-22 were more likely to respond to H. pylori eradication (14/22 vs 4/19). Because of the better knowledge of the pathogenesis of gastric ENMZL, such a hypothesisdriven approach was possible.
A single institution experience can teach us about several features of a cohort of patients. Kiesewetter et al. [18] describe their experience with 60 patients they cared for from 1999 to 2012 with an ENMZL of the ocular adnexa. They describe a highly variable treatment approach with almost half of the patients receiving systemic treatment but also nine patients who received antibiotics and six without treatment. There were no clinical features that predicted disease progression and the authors conclude that this lymphoma type has an excellent prognosis and that the least toxic individual approach should be chosen; it is however not clear on which the highly variable treatment had been based in the first place so probably we cannot learn too much from this study. Also a limited teaching value comes from the experience from Lu et al. [19] , who retrospectively determined the presence of Epstein-Barr virus (EBV) in their cohort of 89 Taiwanese patients with DLBL. Using the unusual cut-off of 20 % neoplastic cells that were EBER-positive, about 17 % of their cases were positive; these patients had more often a non-GBC type of tumor and a poorer prognosis, which is well documented in the literature.
Defining entities
B cell lymphomas
Lee et al. [20] investigated ocular adnexal ENMZL and had six Chlamydophila psittacci (CP)-positive cases and six negative. They could determine a rather specific methylation pattern that distinguished these groups, but this is of no additional diagnostic value. Eight of their patients were treated with doxycycline (regardless of CP status) and there was also a methylation signature for responding patients, which might become a useful tool for response prediction. More precisely, their data suggest that the methylation statuses of IRAK1 and CXCL6 may reflect the response to doxycycline treatment.
Lymphoplasmacytic lymphoma (LL) presents most often as bone marrow and spleen disease and recently it has been shown to have a MYD88 mutation in almost all cases. The diagnosis of this lymphoma in a lymph node is very difficult and Hamadeh et al. [21] investigated whether the MYD88 mutation in such situations might contribute to the reliability of the diagnosis in 87 lymph node-based B cell lymphomas in the differential diagnosis of LL. They found the mutation in 9/ 9 (100 %) of lymphoplasmacytic lymphomas with classic histologic features, in 5/12 (42 %) cases that met 2008 WHO criteria for LL but with atypical morphologic features, in 3/15 (20 %) cases initially considered NMZL with plasmacytic differentiation and in 1/6 (17 %) unclassifiable splenic B cell lymphomas. The presence of MYD88 L265P was associated with IgM paraprotein. As a control, 44 splenectomy-defined splenic MZL and CLL with plasmacytic differentiation were negative for the mutation. They rereviewed their cases with knowledge of MYD88 mutation status and all available clinical features and conclude that all but one of the MYD88 mutated cases was a LL (the one exceptional case being an ENMZL). This approach suffers from a circular argument but is also inevitable. So, I would agree with their conclusion that MYD88 mutational analysis helps to better classify LL especially when presented in a lymph node.
Recently, it was discovered that hairy cell leukaemia (HCL) is characterized by a mutation in the BRAF gene, the V600E mutation. This has already resulted in a new treatment option and it is therefore increasingly important to determine the BRAF status, especially in difficult cases. Although it is probably already easier and cheaper to determine mutation status by sequencing, this method is not everywhere available.
Wang et al. [22] investigated the possibility of using immunohistochemical detection of the BRAF V600E mutant in 28 FFPE tissue specimens, including HCL (n=12), HCL variant (HCL-v, n=3), splenic MZL (SMZL, n=6) and other MZL (n=7). Using the mouse monoclonal antibody (clone VE1, Spring Bioscience, CA) specific for BRAF V600E mutation, they found that all 12 cases of HCL showed cytoplasmic BRAF V600E protein expression, whereas all other cases were negative. Although this is still a low number of cases, others indicate that this approach is reliable.
There is a lot of attention for so-called double-hit lymphomas (DHL) after their description as a separate group in the latest WHO classification. Most commonly, these lymphomas have both a translocation in MYC and BCL2. It has already been shown that other mechanisms than a translocation can result in MYC deregulation. Li et al. [23] analyzed 40 patients with what they call atypical double-hit DLBCL, nine of whom had a history of B cell non-Hodgkin lymphoma. The series included 30 DLBL, 7 B cell lymphoma, unclassifiable, with features intermediate between DLBL and BL, and 3 DLBL with coexistent follicular lymphoma. CD10, BCL2 and MYC were expressed in 28/39 (72 %), 33/35 (94 %) and 14/20 (70 %) cases, respectively. The overall survival of patients with atypical double-hit lymphoma was similar to that of patients with double-hit lymphoma and significantly worse than that of patients with DLBL with normal MYC and BCL2. In aggregate, these results support expanding the category of MYC/BCL2 DHL to include large B cell lymphomas with coexistent MYC and BCL2 abnormalities other than concurrent translocations. It remains problematic how such cases are selected.
Mediastinal DLBL is a type of lymphoma with several features that are different compared to other DLBL, but the location in the mediastinum remains a cornerstone in the diagnosis. Shi et al. [24] analyzed the expression of programmed cell death 1 ligand 2 (PD-L2), which is a cell surface protein expressed by activated macrophages and dendritic cells that binds PD-1 on T cells to inhibit immune responses. Their rationale was that amplification and/or translocations involving chromosome 9p24.1, a region that includes PDCD1LG2-encoding PD-L2, which is a common event in primary mediastinal large B cell lymphoma (PMBCL) but not DLBL. Twenty three of 32 (72 %) PMBCLs but only 1 of 37 (3 %) DLBCLs were positive by PD-L2 immunohistochemistry (IHC). Among PMBCLs with PDCD1LG2 CN gain, all were positive by PD-L2 IHC. One PMBCL without CN gain was positive by PD-L2 IHC. When expressed in PMBCL, PD-L2 was restricted to tumor cells and not detected on intratumoral macrophages. They conclude that PD-L2 protein is robustly expressed by the majority of PMBCLs but only rare DLBL and often associated with PDCD1LG2 copy gain. Indeed, PD-L2 IHC may serve as a useful ancillary test for distinguishing PMBCL from DLBL and for the rational selection of patients for therapeutic antibodies that inhibit PD-1 signaling. Actually, it may now be possible to discover mediastinal DLBL localized outside the mediastinum. Gebauer et al. [25] confirm that mediastinal DLBL is indeed a separate entity, since it lacks in their 25 cases mutations present in similar lymphomas like non-GBC DLBL from nodal sites including mutations in the NF-kappa B pathway and EZH2-and also MYD88 (see above).
Because mediastinal DLBL have similarities not only with other DLBL but also with HL, Xie et al. [26] investigated FOXO1 expression (see above), which is high in B cells but low in classical Hodgkin lymphoma (cHL). Using immunohistochemistry, they showed that FOXO1 was absent or expressed at low levels in 19 of 20 primary PMBCL cases. By analyzing gene expression profiling data, FOXO1 expression appeared to be inversely correlated with JAK2 expression in these cases. FOXO1 repression might contribute to the oncogenic program and phenotype of PMBCL, a finding that also may guide therapy in the future.
As stated above, EBV-positive DLBL in the elderly has received a lot of interest. It is well known that BL is related to EBV as well. According to Satou et al. [27] , this is also an agerelated feature. In their 33 cases of EBV-positive and 117 cases of EBV-negative sporadic (s)BL from Japan, EBV was present in higher frequencies in patients older than 50 years (48 vs. 16 %). The EBV-positive lymphomas presented more often in the tonsil, adrenal gland and cervical lymph node while the gastrointestinal tract was less frequently affected in EBV-positive sBL.
Although MYC-IGH translocations are the hallmark of BL, they are also commonly present in DLBL. According to Horn et al. [28] , this is often accompanied by immunoblastic (IB) morphology. They investigated the occurrence of MYC gene rearrangements in IB-DLBL versus non-IB-DLBL using fluorescence in situ hybridization with an MYC break-apart and MYC-IGH fusion probe. In 13/39 evaluable IB-DLBLs (33 %), a translocation involving MYC was present, in contrast with only 5/68 (7 %) in the non-IB-DLBL group. The MYC rearrangement occurred as the sole translocation in the majority of cases (77 %), whereas across all DLBLs, the majority of MYCrearranged cases carry additional rearrangements of either BCL2 and/or BCL6 genes (between 58 and 83 % of cases). Finally, MYC-rearranged IB-DLBLs were CD10-positive in 62 % (8/13), whereas this was an uncommon feature in MYC germ line IB-DLBLs (15 %). IB-DLBLs are genetically characterized by frequent MYC-IGH translocations that often occur without additional BCL2 and/or BCL6 translocations. However, interobserver variation of IB morphology is not very good, and since IB morphology is relatively rare, still most MYCrearranged DLBL have no IB morphology.
T cell lymphomas
Morgan et al. [29] investigated whether CD103 is a good marker for intestinal enteropathy-associated T cell lymphomas (EATL). Normal intestinal intraepithelial T lymphocytes express the αE subunit of integrin αEβ7, which is detected by antibodies against CD103. In line with this, CD103 reactivity has most frequently been reported in EATL, which are postulated to arise from intestinal intraepithelial T lymphocytes. The authors used a newly described antibody to define the profile of CD103 immunoreactivity in paraffin sections of a wide variety of T cell neoplasms (184 cases). Overall, 22 T cell neoplasms (12 %) were CD103-positive, including 7 of 15 gastrointestinal lymphomas (3.8 % of total cases; 46 % of gastrointestinal cases). In intestinal cases, CD103 positivity did not correlate with morphology, presence or absence of enteropathy or immunohistochemical profile. A history of celiac disease was not documented in any case. Frequent but inconsistent reactivity was also noted for adult T cell leukaemia/lymphoma with 4 of 10 cases (40 %) positive. In the remaining T cell neoplasms representing most entities within the current World Health Organization classification, CD103 reactivity was sporadically observed in 11 of 159 cases (6.9 %). CD103 positivity is therefore an unusual feature in T cell neoplasms and tends to occur in gastrointestinal lymphomas and adult T cell leukaemia/lymphoma more frequently but is not a consistent characteristic of these neoplasms.
Hepatosplenic T cell lymphomas are very rare and not well characterised. Finalet Ferreiro et al. [30] performed an extensive genomic and transcriptomic analysis of six cases including one cell line. They found with comparative genomic hybridization (CGH), a common deleted region (CDR) at 7p22 and a common gained region (CGR) at 7q22. Interestingly, the CDR spans a smaller region of 13 Mb constantly amplified in cases with a ring chromosome 7 (r7). They also found that TCRG (7p14.1) and TCRB (7q32) are involved in formation of r7, which seems to be a by-product of illegitimate somatic rearrangement of both loci. Transcriptomic analysis has not identified any CDR-related candidate tumor suppressor gene. Loss of 7p22 correlated with an enhanced expression of CHN2 (7p14.1) and the encoded β2-chimerin. However, RNA sequencing did not identify any disease-defining mutation or gene fusion. Thus, chromosome 7 imbalances remain the only driver event detected in this tumor.
Extranodal natural killer/T cell lymphoma, nasal type (ENKTL), is a well-described lymphoma entity, but according to Yu et al. [31] , there are three subtypes, related to three different phenotypic differentiation groups of NK/T cells. Using one nude mouse model, 2 cell lines and 16 fresh human samples, a flow cytometrical and immunohistochemical study was performed; 115 archived cases were used for confirmation. CD25 was expressed by most tumor cells in all samples, and CD56 + CD25 + cells were the predominant population in the mouse model, the 2 cell lines and 10 of the 16 fresh tumor samples; in the other 6 fresh tumor samples, the predominant cell population was of the CD16 
Cutaneous lymphomas
Mycosis fungoides (MF) is the most common skin lymphoma and generally presents at middle or older age. Boulos et al. [32] collected 34 cases (out of a database with 1902) with a juvenile onset. The male to female ratio was 1.1:1. The median age of symptom onset was 9 years (range 3-19 years), with a delay in diagnosis between 1 month and 14 years. Patients primarily presented with hypopigmented (53 %), hyperpigmented (29 %) and pink-violaceous (41 %) patches/plaques. Immunohistochemistry revealed 39 % with CD8 + immunophenotype, 67 % of which had hypopigmented lesions. The phototherapy response rate in 21 patients was 81 %. All patients who completely responded to narrowband ultraviolet B phototherapy had hypopigmented MF. They conclude that juvenile-onset MF presents with early-stage disease with an overrepresentation of hypopigmented MF and CD8 + immunophenotype. Narrowband ultraviolet B is an effective treatment option for juveniles, especially for those with the hypopigmented variant. This study illustrates the importance of a well-kept clinicopathologic database, so that also data on rare to very rare presentations/entities become available, which can be used when such a patient presents.
Primary cutaneous (PC)-ENKTL, is a rare Epstein-Barr virus (EBV)-associated neoplasm with poorly defined clinicopathologic features. Takata et al. [33] performed a multinational retrospective study of PC-ENKTL and CD56-positive EBV-negative peripheral T cell lymphoma (PC-CD56 + PTCL) in 60 cases that were divided into 51 with PC-ENKTL (20 of NK cell, 17 T cell and 14 indeterminate lineages) and 9 with PC-CD56+ PTCL. Cases of PC-ENKTL showed more frequent tumor necrosis, younger age and a higher frequency of CD16 and CD30 expression than cases of PC-CD56+PTCL. CD56-positive T-lineage PC-ENKTL tumors (n=8) had more localized disease in the tumor-node-metastasis (TNM) staging and were more often of γδ T cell origin compared with cases of PC-CD56+PTCL (n=9). PC-ENKTLs and PC-CD56+PTCLs were equally aggressive, with a 5-year overall survival rate of 25 %.
As described above, MYD88 mutation is a marker for LL, but this activating mutation is a frequent feature of primary cutaneous DLBL, leg-type (PCDLBL-LT) as well, being reported in up to 69 % of the cases. Pham-Ledard et al. [34] performed a retrospective multicenter study using the medical records of patients from the French Study Group for Cutaneous Lymphomas. They had 61 patients with a diagnosis of PCDLCL-LT between 1988 and 2010 from which in 58 they could generate MYD88 mutation status. The median age of the patients was 79 years, and 59 % were female. Skin lesions were located on the leg in 76 % of the cases. Thirty four of 58 patients (59 %) harboured the MYD88 L265P mutation. Patients had similar clinical characteristics at presentation regardless of their MYD88 status, except that those harbouring the MYD88 mutation were older and had more frequent involvement of the leg. Patients harbouring the MYD88 mutation had 3-and 5-year specific survival rates of 65.7 and 60.2 vs 85.4 and 71.7 % in patients with the wild-type allele. They conclude that the MYD88 mutation is an independent adverse prognostic factor.
New entities/subtypes
A review like this cannot be complete without a reference to IgG4 disease. Numerous IgG4 plasma cells and a high IgG4/ IgG plasma cell ratio are important criteria in the diagnosis of IgG4-related sclerosing disease (IgG4-RSD), a steroidresponsive fibroinflammatory disorder. Aggarwal et al. [35] discovered a high number of IgG4-positive plasma cells in plasma cell balanitis (PCB, previously referred to as Zoon's disease). They reviewed the clinical, histologic and immunohistochemical features of PCB in 17 patients. IgG4 counts in the areas with the greatest density varied from 1/HPF to >200/ HPF. Six of 17 (35.3 %) cases demonstrated 50 or more IgG4 plasma cells/HPF, with an IgG4/IgG ratio of >40 %, at least focally, in 2 of these cases. The plasma cells were clearly polytypic in 12/15 evaluable cases, with an increased proportion of κ-positive plasma cells in 3 (≥4 to 5:1). None of the patients had other clinical evidence of IgG4-RSD or a lymphoproliferative disorder. In conclusion, this study demonstrates that PCB should be added to the growing list of inflammatory disorders that can have significantly increased IgG4 plasma cells but which do not represent IgG4-RSD.
CD30-positive primary cutaneous lymphoproliferative disorders are a spectrum of diseases with differing clinical presentation but overlapping histological features: lymphomatoid papulosis (LP) and primary cutaneous anaplastic large-cell lymphoma (C-ALCL). DUSP22-IRF4 locus translocation is present in 20-57 % of C-ALCLs and has also been described in a series of 11 LP patients. Onaindia et al. [36] collected three cases of C-ALCL with histological features similar to the ones described in the new variant of LP with 6p25.3 rearrangement as detected by FISH. The three cases showed distinctive histological and immunohistochemical features: a diffuse dermal infiltrate of atypical medium-to-large cells and marked epidermotropism with small, atypical intraepidermal lymphocytes. They conclude that their findings suggest that the presence of 6p25.3 rearrangement might be related to this particular biphasic pattern, but more data are actually needed.
Pitfalls in lymphoma diagnosis
Several articles, including one of my own, described the importance of review of lymphoma cases to provide an optimal diagnosis. Pongpruttipan et al. [37] describe their experience on this in Thailand. They retrieved randomly 117 lymphoma cases and gave them for review to 7 hematopathologists, members of the "Thai Hematopathologist Group," without knowing the original diagnoses. There were approximately 11 % discordances between original and consensus diagnoses. DLBL had the least discordance (7 %). Small biopsies had been found to increase discordances in some lymphoma subtypes. Interestingly, everyone can review the cases, a very helpful feature of this article (http://www.diagnosticpathology.diagnomx.eu/vs/ 13000_2014_162).
Lymphoma diagnosis may be difficult in patients with Sjogren syndrome (SS). Johnsen et al. [38] included 21 SS patients with lymphoma and 28 without. There were germinal centre (GC)-like structures in 17/40 (43 %) of the patients: 4/ 12 (33 %) with and 13/28 (46 %) without lymphoma. Staining for CD21/CD38/IgD demonstrated CD21+ networks in 27/40 (68 %) of the patients. CD21+/CD38− infiltrates were seen in 25/40 (63 %) of the patients, and 16 of these were IgD+ within the infiltrate. A monoclonal B cell population was present in 5/12 patients (42 %) with and 5/28 patients (18 %) without lymphoma. The authors conclude that they were unable to detect a clear association between cellular infiltrates, B cell clonality and lymphoma development. This leads to the questions which criteria had been used to make the diagnosis of lymphoma in the first place.
The diagnosis of MCL has become relatively straightforward after the introduction of cyclin D1 staining. Nevertheless, problem cases remain, which are cyclinD1-negative, but SOX11-positive. Nakashima et al. [39] assessed the performance of two commercially available monoclonal antibodies, Atlas Antibodies (Stockholm, Sweden) clone CLO142 and Cell Marque (Rocklin, CA) clone MRQ-58, for SOX11 immunohistochemistry in MCL, both cyclin D1-positive and cyclin D1-negative cases, as well as in cases of other small B cell lymphoproliferative disorders, DLBCL, BL and lymphoblastic leukaemia/lymphomas. Both antibodies showed reliable, clear nuclear staining in MCL with variable specificity. However, the MRQ-58 antibody was more specific for MCL than CLO142, which showed considerably more nonspecific staining, especially in DLBCLs (59 % positive vs.
4 % positive with MRQ-58). In addition, they reconfirmed the utility of SOX11 IHC for identifying cases of cyclin D1-negative blastoid MCL. However, they also identified cases of SOX11-positive DLBCL and SMZL. They conclude that SOX11 IHC is a powerful, and relatively accessible, tool to identify MCLs with variant immunophenotypes and/or morphology, but that strict criteria need to be taken into account for interpreting SOX11 staining.
Prognostic factors in lymphoma
Grading of FL remains unreliable and other prognostic factors have been explored extensively. One of the problems of grading is the subjective nature of the evaluation, but this is also true for many of the immunohistochemical markers that have been described. Xerri et al. [40] took an interesting approach by measuring immunostainings with computerized image analysis. They showed that MUM1 is an independent, negative prognostic marker for FL using samples from two clinical trials. This approach is much better than what is used in many other studies, but the problem remains what value a prognostic indicator has in routine clinical management. Another suggestion for a prognostic marker in FL is described by Barreca et al. [41] . They applied a novel single-molecule RNA fluorescence-based in situ hybridization (FISH) technique to detect messenger RNA (mRNA) molecules of BCL2 and IgH in single cells and found marked heterogeneity in the number of BCL2 mRNA transcripts. BCL2 mRNA molecules correlated with IgH mRNA molecules in individual cells. Furthermore, a strong correlation between BCL2 and IgH protein levels was found in a series of 205 primary FL cases by flow cytometry and immunohistochemistry. They further demonstrate that BCL2 and IgH expressions determine the response to therapy in FL patients. To translate this finding into a reliable biomarker is probably very difficult.
Another lymphoma type that is difficult to manage due to unpredictable clinical behaviour is the posttransplant lymphoproliferative disease (PTLD). It is obviously a process in which the (lack of an) immune response is important. Berglund et al. [42] investigated the association between the expression of the Treg marker forkhead box protein 3 (FoxP3) in biopsies of PTLDs and survival, PTLD subtype and clinical characteristics. Using 74 cases from a population-based study, they found that most (80 %) had 29 FoxP3 cells per square millimetre (mm) or more. The amount of FoxP3 cells was not associated with the median overall survival. The FoxP3 PTLDs were more frequently of T cell phenotype, located at the graft, occurring earlier after transplantation and more likely to develop in lung recipients and in patients that had received anti-T cell globulin as induction therapy. The FoxP3 PTLDs were associated with hepatitis C seropositivity. These findings suggest that intratumoral FoxP3 Tregs do not influence survival in patients with PTLD.
MCL has a highly variable clinical course, with most patients suffering from an aggressive disease. However, in some patients, the process is actually indolent. Mahe et al. [43] investigated the expression of the ubiquitous DNA damage repair protein, poly-ADP ribose polymerase-1 (PARP1), since inhibition of PARP1 results in enhanced cytotoxicity (so-called synthetic lethality). In their series of 79 unselected cases of MCL, PARP1 expression was present in all but two cases with variable intensity. When digital H-score analysis of PARP1 expression was performed, there was a distinct survival advantage noted in patients with lower levels of expression. These data support potential utility of PARP1 as a biomarker in MCL and for the potential use of PARP1 inhibitor-targeted therapy, so that this prognostic marker may become a predictive marker. Nygren et al. [44] describe another prognostic marker in MCL. They analyze by flow cytometry the composition of the host response. MCL cases with diffuse and nodular histological subtypes showed lower levels of T cells, especially CD4+ T cells, than those with mantle zone growth pattern. Both CD3 and CD4 levels were lower in the nodular subtype than in mantle zone and were associated with prognosis.
BCL2 expression is a known negative prognostic marker in DLBL. It is well known that in FL, due to a mutation in the epitope recognized by the commonly used 124 clone antibody, BCL2 staining may give false negative results. Kendrick et al. [45] found that two alternative rabbit monoclonal antibodies (E17 and SP66) detected more often BCL2 staining in DLBL. Furthermore, using dual in situ hybridization as a new tool to detect BCL2 translocation and amplification, they observed similar results as previously reported for FISH for translocation but a higher amplification frequency, indicating that BCL2 amplification may be underreported in DLBL. They conclude that the accurate detection of BCL2 expression is important in the prognosis and treatment of DLBL particularly with new anti-BCL2 therapies.
Deregulation of histone H3 trimethylation at lysine 27 (H3K27me3) via aberration of the histone methyltransferase, enhancer of zeste homolog 2 (EZH2), has been described in DLBL. Oh et al. [46] found that a high level of H3K27me3 was present in approximately one third (35.3 %, 79/224) of DLBL cases, and this subset of cases was related to poor performance status, elevated lactate dehydrogenase level and a higher international prognostic index risk group. H3K27me3 level was significantly correlated with EZH2 expression and c-Myc protein expression but not correlated with c-Myc/Bcl2 coexpression or with GCB or non-GCB subtype. A high level of H3K27me3 was related to an inferior overall survival and was shown to be an independent prognostic factor for overall survival along with the higher international prognostic index risk group and c-Myc/Bcl2 coexpression. Hypermethylation of DAPK1 is an independent prognostic factor predicting survival in diffuse large B cell lymphoma. Many articles describe how prognostic markers retain their power in the rituximab era. Kristensen et al. [47] assessed TP53 mutation and DAPK1 methylation in 119 DLBL patients all treated with R-CHOP and found that DAPK1 promoter methylation was a negative prognostic factor enhanced by P53 mutation.
Marinaccio et al. [48] took a very different approach by which they analyzed aspects of the microenvironment in DLBL. They found that CD68 and tryptase expression as well as microvascular density (MVD) were increased in chemoresistant patients when compared with chemosensitive patients. Tryptase expression showed a positive correlation with MVD, supporting a role for mast cell in DLBL tumor angiogenesis, while CD68 correlation with MVD was not significant, indicating a different role for tumor-associated macrophages (TAMs) than angiogenesis in DLBL. Although these findings are only small pieces of the large puzzle, such findings will eventually lead to a more complete understanding.
Ancillary techniques
Light chain restriction is one of the oldest ancillary techniques in diagnosing B cell lymphoma, although its usefulness is probably underestimated. An important reason is that kappa and lambda staining is not too easy on FFPE material. Since a few years a mRNA in situ hybridization (ISH) is available and Rimsza et al. [49] compared this technique with flow cytometry and immunohistochemistry. The KAPPA and LAMBDA ISH was performed on a Ventana BenchMark XT utilizing two-colour chromogenetic detection. Following optimization, they were able to visualize mRNA in benign B cells in reactive tissues including germinal centre, mantle zone and postgerminal centre cells. In a series of 79 B cell lymphomas of various types, 39/79 (49.4 %) cases were classified as KAPPA and 29/79 (36.7 %) as LAMBDA light chain restricted while 9/ 79 (11.3 %) cases were classified as indeterminate. Of the 70 cases with KAPPA or LAMBDA light chain restricted CISH, 69/70 (98.6 %) were concordant with the reference method, while 1/70 (1.4 %) was discordant. These are promising results although the authors erroneously use the term "clonality" instead of the more appropriate term "light chain restriction".
Zheng et al. [50] also used immunoglobulin staining for the diagnosis of lymphoma, but their approach was very unusual. They demonstrate that IgM-containing immuno complexes are differentially distributed in reactive germinal centres compared to neoplastic ones. In 25 reactive cases, IgM highlighted processes of follicular dendritic cells (FDCs), with stronger and more compact staining in light than in dark zones, and occasional very dim staining of the B cells. In FL, IgM expression patterns were of three types. Recently, several new germinal centre B cell markers were described. Menter et al. [51] stained 1590 cases (1519 on tissue microarrays, 71 on conventional slides) of variable lymphoma types. In nodular lymphocyte predominant HL (NLPHL), the tumor cells expressed LMO2, GCET1 and HGAL but this was only occasionally the case in HL. The majority of B cell lymphoma cases were positive for LMO2 [except for Burkitt lymphoma (BL)] and HGAL but with weaker staining intensity, compared to FL. Except for FL (60 % of cases) and DLBCL (36 % of cases), B cell lymphomas expressed little or no GCET1. These findings provide reference data with new potential assistance in the differential diagnosis of FL to marginal zone lymphoma (MZL), classic HL to NLPHL and primary mediastinal B cell lymphoma, DLBL to BL, and thymoma to lymphoblastic lymphoma (LBL). However, more experience is needed to confirm that these indeed provide relevant extra data compared to already available markers.
Clonality testing is an important technique in some situations, but interpretation of the results is not always straightforward. Park et al. [52] report their experience with 44/161 (27 %) B cell and 50/163 (31 %) T cell cases that contained at least one abnormal peak. They first classified the results as clonal, non-clonal or abnormal (equivocal peak on polyclonal background). Final results for all primer sets are then collectively reported as positive (≥1 clonal result), negative (nonclonal results) or indeterminate (≥1 abnormal result) for a clonal population. Of the cases, 29 (64 %) and 31 (62 %), respectively, showed clonal results in another primer set. Interobserver reproducibility was excellent for most primer sets and for final interpretations, but only fair to good for IGK V-J and TCRB D-J1+2 primer sets. These results fit well with those of the Euroclonality group and confirm the reliability of the technique, provided sufficient experience is gained.
Berget et al. [53] used clonality testing for detection of bone marrow involvement in FL. They detected involvement in 34.4 % (33/96) of their patients. The presence of clonal rearrangements by PCR was associated with advanced clinical, high FL International Prognostic Index score and detection of bone marrow (BM) involvement by morphology and flow cytometry analysis. The patients with a polyclonal result had a poorer survival than patients. Thirteen patients who had a positive bone marrow by clonality testing but without morphologically detectable BM involvement had poorer survival than patients whereas bone marrow involvement by morphology or flow cytometry did not show a significant impact on survival. These results are counterintuitive and difficult to understand. One problem is that the clonality results were not compared to those of the FL by sequencing. Confirmation of these results is needed.
Developments in sequencing methods give us lot of new data. Using whole exome sequencing, Nakamoto-Matsubara et al. [54] had detected a G17V RHOA mutation in angioimmunoblastic T cell lymphoma (AILT) in 60-70 % of the cases and also in peripheral T cell lymphomas with features of AILT, but not in other lymphomas. They now report a method based on a quantitative allele-specific PCR, which is applicable in these cases that often have a relatively low number of neoplastic cells.
